p REPARTUM and post-partum energy intake has been shown to influence reproductive performance of beef cows (Wiltbank et al., 1962 (Wiltbank et al., , 1964 . A low level of energy before calving was shown to delay onset of estrus following calving. Marked differences in conception rate were noted in cows on varying levels of energy following calving. Conception rate was decreased by low levels of energy after calving while cows which were full fed after calving had high conception rates.
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The results of these experiments were promising enough that further investigation seemed warranted.
The experiment reported here was designed to determine the effects of two precalving and three post-calving levels of estimated digestible energy intake upon the reproductive performance of 2-yr.-old Hereford and Angus heifers nursing their first calves.
Materials and Methods
Two-hundred and forty pregnant yearling heifers (122 Angus and 118 Herefords.) were randomly assigned by breed, source and expected calving date to a cross-classified arrangement of two precalving and three postcalving levels of calculated digestible energy intake. After calving, the treatments were represented in each of two blocks. The heifers were assigned to treatment 135 to 142 days prior to calving and remained on treatment for 120 days after calving.
Two levels of calculated digestible energy (low--8.7 and high--17.3 megcal.) were fed daily before calving. The designations, low and high, are used for convenience but both levels are below those recommended by the National Research Council (1963) . By 24 hr. after calving, the low group was divided into two groups: low-moderate (L-M) fed 27.3 megcal, and a low-high (L-H) fed 48.2 megcal. daily. The high precalving group was divided into three groups: high-low (H-L) fed 14.2 megcal, of digestible energy daily, high-moderate (H~M) fed 27.3 megcal, and high-high (H-H) fed 48.2 megcal. (table 1) . All other nutrients were provided in sufficient quantity to meet the requirements of the National Research Council (1963, table 2) .
Before calving, the heifers fed the lowenergy ration were individually fed and those fed the high-energy ration were group fed. After calving, the L-H and H-H groups were group fed the concentrate portion of their ration from self-feeders and the ground hay from feed-bunks, the L-M and H-M groups were group fed once daily and the H-L group was individually fed. When rations were changed at calving time, the cows in the L-H and H-H groups were adjusted gradually for 15 to 21 days to the post-calving rations.
Initial weights were taken 1 week after the heifers were assigned to treatment. Additional weights were taken: every 28 calendar days throughout the experiment, between 0 and 7 days prior to calving, between 1 and 24 hr. after calving, between 8 and 15 days after starting on the post-calving ration, between 0 and 7 days after exhibiting the first postpartum estrus, and when a cow was diagnosed pregnant. The final weight was taken 120 days after calving. All precalving and postcalving weights, with the exception of the L-H and H-H groups after calving, were taken after the cattle had been off feed for at least 18 hours. All cattle had access to water before weights were taken.
Rectal examinations of the reproductive organs were started between 15 and 21 days after calving and continued at weekly inter-719 vals until the uterine horns returned to approximately normal size and consistency (involution) and the cows exhibited estrus. In addition, the ovaries were examined between 7 and 14 days after the occurrence of each estrus to determine if ovulation had occurred (ovulation being signified by the presence of a corpus luteum). The ovaries of cows with estrous cycles shorter than 16 days or longer than 24 days were also examined. Cows were examined for pregnancy within 35 to 42 days after insemination if they did not return to estrus, and again when they were removed from the experiment. Sterilized bulls fitted with marking harnesses which contained a mixture of cement pigment and cup grease were in the lots at all times except while the cattle were eating (self-feeders for the L-H and H-H groups were closed while the bulls were in the lots). The cattle were checked at least twice daily for signs of estrus. A cow was considered to be in estrus when she permitted the bull or another cow to mount or when she had grease marks on her rump or taithead. In a few cases, first-estrus dates were estimated for cows which had a corpus luteum and faint grease marks that were not noticed during regular estrus checks.
The cows were inseminated at the first estrus following 60 days post-calving if the uterus had involuted. They were artificially inseminated about 12 hr. after estrus was first observed. Hereford cows were inseminated with semen from a single collection of a Hereford bull, and Angus cows were inseminated with semen from a single collection of an Angus bull.
A cow completed her experimental tenure 120 days after calving. Cows which had been inseminated, but were too early in gestation to permit accurate pregnancy diagnosis, were maintained on the experimental rations until a pregnancy diagnosis could be made.
Data from cows that did not nurse a calf for the entire 120-day post-calving experimental period have been excluded from all summarizations. Data from two cows whose uteri failed to involute have been excluded because uterine involution might have affected conception. The number of cows involved in each analysis is shown in table 3.
A least-squares analysis of variance as outlined by Harvey (1960) was performed on the data for cow weights, proportion of cows that showed estrus by 40, 60, 80, 100 and 120 days post-calving, and proportion of cows that conceived at first service. Pregn'ancy Rate. For the purpose of this discussion, pregnancy rate has been defined as the percent of cows bred that had a fetus in utero 35 to 40 days after breeding. The term conception rate will be used interchangeably with pregnancy rate because pregnancy rate as defined in this paper is a minimum estimate of the true conception rate.
Pregnancy rate 120 days after calving was directly related to the post-calving energy level. Eighty-seven percent of the cows fed the high energy level after calving were pregnant compared to 72% of those fed the moderate level and 64% of those fed the low energy level (0.01<P<0.05, table 4).
The influence of the post-calving energy level was apparent early in the breeding season. By the end of the first 20 days of the breeding season (80 days post-calving), 54% of the cows on the high energy level were pregnant compared to 42% of those fed the moderate level and 33% of those fed the low level (0.01 <P<0.05, table 4). After 40 days of the breeding season had elapsed, there was no difference in pregnancy rate between the cows fed the low-energy ration and those fed the moderate-energy ration: however, the cows fed the high-energy ration had a greater pregnancy rate (57% and 57% vs. 76%, 0.01 <P<0.05).
The precalving energy level affected the pregnancy rate during the first 100 days after calving. Forty-one percent of the cows on the low energy level before calving were pregnant at 80 days post-calving compared to 47% on the high precalving energy leve~ (0.01<P<0.05). At 100 days post-calving comparable figures were 60% and 68% (0.05 <P<0.10).
The influence of energy intake upon conception rate at first service depended upon the breed of cow. Overall, more Hereford cows conceived at the first service than did Angus cows (67% vs. 57%, 0.01<P<0.05, table 5). There was, however, a precalving energy level x breed of cow interaction (0.05 <P<0.10) because only 50% of the Angus cows fed the low precalving energy level conceived on first service compared with 76% of the Hereford cows. Hereford and Angus cows on the high precalving energy level had a 61% conception rate at first service. The data for services per conception were not analyzed statistically; however, a precalving energy intake x breed of cow interaction is apparent. The number of services per conception was greater for Hereford cows on the high precalving energy intake than for those on the low energy intake (2.08 vs. 1.39, table 5). The opposite situation was found for the Angus cows (1.67 vs. 2.16).
The interval from calving to conception (for those cows that conceived) was longer for cows on the low precalving energy level than for those on the high level (85 days vs. 77 days, table 5). The 8-day difference occurred because cows on the low precalving energy level did not exhibit estrus as soon after calving as those cows on the high precalving energy level.
Occurrence of Estrus. The precalving energy level, post-calving energy level and breed of cow influenced the occurrence of the first post-partum estrus (table 6). The pre-calving energy level exerted the greatest influence in the early post-partum period. By 40 days after calving, 25% of the cows fed the high precalving energy level had shown estrus compared to only 6% of those fed the low level (0.01<P<0.05). This difference was even more pronounced by 60 days after calving when 69% of the cows fed the high energy level before calving had shown estrus compared to 44% of those fed the low precalving energy level (P<.01). By 80 days after calving, more cows fed the high precalving energy level had exhibited estrus than those fed the low level (88% vs. 80%, 0.01(P<0.05). After 100 days post-calving, the precalving energy level was no longer an important variable which influenced the occurrence of the first post-partum estrus. The post-calving energy level affected the occurrence of estrus early in the post-partum period and late in the post-partum period. Forty days after calving, 36% of the low energy group had exhibited estrus compared to only 14% and 11% of the moderate and high energy groups, respectively (0.05(P< 0.10). The order of the three groups was reversed later in the breeding season. After 60 days after the post-partum period had elapsed, the occurrence of estrus had equalized among the three post-calving energy levels .~ d~ VV ~VV ~dc~ (64%, 64% and 59% for the low, moderate and high groups, respectively). By 80 days after calving, more cows fed the high postcalving energy level had exhibited estrus than those fed either the low or moderate levels (80% and 82% vs. 90%, 0.05<P~0.10).
Feeding the low post-calving energy level inhibited the occurrence of estrus late in the post-partum period. Only 81% of the heifers fed the low post-calving energy level had exhibited estrus by 100 days after calving compared to 92% and 98% of the moderate and high groups, respectively (P~.01).
The breed of cow became an important variable which affected the occurrence of estrus by 100 and 120 days after calving (0.05~P~0.10 and 0.01~P~0.05, respectively. The influence of the breed of cow depended upon the post-calving energy level because a breed xpost-calving energy level interaction occurred both at 100 and 120 days after calving (0.05~P~0.10 and 0.01~P~0.05, respectively). The interaction occurred because the percentage of Hereford cows which exhibited the first post-partum estrus by 100 days after calving increased directly as the energy level increased (70%, 90%, 100% for low, moderate and high, respectively), while the percentages for Angus cows were not affected by the energy level (91%, 94% and 95% for low, moderate and high, respectively). The interaction at 120 days after calving occurred because only 70% of the low-level Herefords had exhibited estrus compared to 91% of the low-level Angus.
Discussion
The findings of this experiment are in agreement with others who have reported a greater pregnancy rate in cows that were rapidly gaining weight (Wiltbank et al., 1962 (Wiltbank et al., , 1964 (Wiltbank et al., , 1965 . Low pregnancy rates have been reported in beef females nursing their first calves under drought conditions (Carroll and Hoerlein, 1966) and in those losing weight during the breeding season (Warnick et al., 1967) .
The pregnancy rate at 120 days after calving appeared to be related to post-calving weight gains, since the L-H groups had the greatest post-calving weight gains and also had the greatest pregnancy rate. In contrast, the H-L group, which lost weight after calving, had the lowest pregnancy rate (64%).
In this study, the two main causes of low pregnancy rate were as follows: failure to show estrus and failure to conceive on second and subsequent services (repeat-breeder syndrome). In the cows fed the low post-calving energy level, 19% failed to show estrus. This failure more than accounts for the difference between the low-energy group and the moderate-energy group.
The failure to become pregnant on the second and subsequent service is difficult to explain. Calving difficulty may have an effect; however, for this study, all cows were removed from the experiment that had grossly detectable genital pathology. There was no apparent influence of either precalving or post-calving energy intake on the conception rate at second and subsequent services.
Both the total number of cows conceiving and the interval from calving to conception are important variables in determining the total pounds of calf produced by a cow herd. The earlier a cow conceives, the earlier she calves the following year and the older her calf is at weaning time.
These data are not in complete agreement with the energy allowances recommended by the National Research Council (1963) for cows during late gestation or early lactation. These data show that lower levels of energy than those recommended may be fed prior to calving when 48.3 K. was fed after calving. Other work (Wiltbank et al., 1962 (Wiltbank et al., , 1964 supports this contention.
Feeding low levels of energy in late gestation may create problems. Smaller numbers of cows fed the low energy prior to calving showed estrus at 40, 60 and 80 days post: calving. This is evident even in the group receiving 48.2 megcal, after calving. Thus, the detrimental effects of feeding low levels of feed in late gestation are not completely overcome by feeding high levels post-calving.
The mechanism by which energy intake influences conception rate and occurrence of estrus is unknown. Wiltbank et al. (1962) postulated that the failure of cows fed low energy rations after calving to show estrus was due to insufficient gonadotropin release to adequately stimulate gonadal hormone secretion. Recent evidence in the bull (Mann et al., 1967) , ram (Setchell, Waites and Lindner, 1965) and rat (Berliner and Ellis, 1965 ) also adds partial support to the hypothesis of Wiltbank and associates by showing decreased androgen production by testicles of undernourished bulls and rams and decreased testosterone biosynthesis by testicular tissue from undernourished rats. The work of Mann and associates also indicates that the ability of androgen target organs to respond to injections of testosterone propionate was impaired. Information on gonadotropin secretion rates and gonadal hormone secretion rates in undernourished female animals is not available.
The marked differences in occurrence of estrus observed between the Hereford and Angus cows fed the low post-calving energy level in this study adds further support to the evidence that reproductive phenomena of certain breeds differ under a given environment.
Summary
The influence of pre-and post-calving energy intake was studied in 203 2-yr.-old heifers (101 Hereford and 102 Angus) nursing their first calves. Two levels of calculated digestible energy (Iow--8.7 megcal, and high --17.3 megcal.) were fed daily before calving. At calving time, the low group was divided into two groups: a low-moderate (L-M) fed 27.3 megcal, and a low-high (L-H) group fed 48.2 megcal, of digestible energy daily. The high precalving group was divided into three groups at calving time and fed three levels of energy daily: high-low (H-L) 14.2 megcdl.; high-moderate (H-M) 27.3 megcal. and high-high (H-H) 48.2 megcal. The heifers were assigned to treatment 135 to 142 days prior to calving and remained on treatment until 120 days after calving. The 60-day breeding season started 60 days after calving.
Results show that level of energy intake can markedly alter reproductive performance in 2-yr.-old heifers nursing their first calves. Pregnancy rate 120 days after calving was directly related to the post-calving energy level. Eighty-seven percent of the cows fed the high energy level after calving were pregnant compared with 72% of those fed the moderate level and 64~o of those fed the low energy level (0.01~P~0.05). The onset of estrus was delayed in cows receiving the low level of energy before calving. The low pregnancy rate in the cows fed the low energy level after calving occurred because 30~ of the Hereford cows and 97o of the Angus cows failed to show estrus (0.01~P~0.05).
